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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the liquid crystal 
display device in which the light beams emitted from a 
back light in a slanted direction are sufficiently 
utilized, the practical utilization efficiency of the 
beams is improved and the visual field angle 
characteristic is greatly enhanced. 

SOLUTION: The device is provided with a back light 10, 
light diffusing elements 9, a choloesteric liquid 
crystal layer 8, which passes one of the circularly 
polarized light beams among the clockwise and the 
counterclockwise polarized light beams and reflects the 
other circularly polarized light beams, a phase plate 7 
which transforms the circularly polarized light beams 
into linearly polarized light beams, a liquid crystal 
panel 2 and linearly polarizing plates 1 and 6 which 
conduct polarizing display. The elements 9 emit the 
incident light beams while maintaining the incident 
angle if the angle is not more a diffusing starting 
angle θp1. If the incident angle is more than the 
angle θp1, the incident light beams are diffused 
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- 1,0 /«Tl ) 2 ~1) -COS^^+l 



= no 



(=ne-no)^0. 0 7-0. 2 gj£OfcT-** 0 
^7<JUO^It no^l. 5tti£OflT- 

ftmVimn e i«$n o^itli^ (7) T*f?£ 



(6) 
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ne/no = l + e (7) 
**>\ e(i0< e ^l ti-4 B ~<r>^ (7) ^±|^ 
(6) UftA+*fc, 5* (8) (l 2) tm^ix 

%> o 

lt5] 
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ne(0) 



(11) 

no • y 1 + e • (2+ £ ) • cos 2 6 
no • Jl+2z • cos 2 0 
no - (1 4- £ • cos 2 0) 
no • 0+^ ■ cos 2 6) 
no+ne • cos 2 0 
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(8) 
(9) 
(10) 
(11) 
(12) 



H U 5t ( 9 ) 7>^5t do) ^<r>%£$ut s ^ (i3) 

( 2 H * cos 2 <9 | ^ | 
J: or. An {$) fj^ (i 4 ) £fc* 0 

An(0) = ne(<9) - no(0) 
- (no-f ne • cos 2 0 ) 



* [me] 



— no 



(13) 



(14) 



(14) ft (15) &$L±L-tZ> 0 

An(0)=ne-cos 2 0 (15) 



iStJDi - ^:<i: ^Jgfl? Zfih 
[0 0 5 9] Hi 2 (b) fcfcJBLT, f£*S«l 

5<i0«ff^K^UBU«rJ52i-c:t(ii-^ o Hi 2 (b) fi, 

R (0) =R/c o s 01 
[0 0 6 0] il4li, $iM^O^ a i^i(;o 

<^t\ 2ttoi£ffi«<oi&f^«:^-r*<,<7)r-*i, 0 mi 

3, 1 4<0ft^M*±«if±, ^-T^^ilO^^ffijUfp] 

* £ ft* £ 1- * esftst r- * « ^\ (i &r L & c ★ 

-f-R1 = + A nl Xdl 
-R2 =-An2 X d2 



SrfS»i-*ffi«li±d/c o s 0 1 -CitMrf &o :w 
ll o lot, V ^-r'-v 3 

(1 6) 

+*UZmfcZtL2> i><nXlt% < , & 1 Ofttgifg 1 4 <t^2 

oft ffi^ i 3 ^ii^'fift-^ i ^Efirar** o t & , 

2#Ofi*Bl£i 3, 1 4(0±T3&^^*r-**<»<Oi: L 

^^m^t^^hix^<ox\ ^iofi^i4og 

(1 7) 
(18) 



□ 



1 3 0/SJ/r^JI^14T*£ *K d1 t d2 u^ne>oif[^^ 

Rtotal =R1 -R2 

'>3>t5 ? ± (2 n + 1) /4»ftt«r*J: 
R1 ^ R2 Offiii«fi$itrv^ 0 ? 
-^-->3>S-±l/4^Si:i-ni^ «*UJ:*fl|* 

+ R1 (8) = + R1 • c o s 6\ 
-R2 (0) =-R2 • c o s 02 



(1 9) 

[0 0 6 1 ] (HI 4i:ii±itH^{;« l )fcj|j,^ e , 

*S*Sl 4<7)^T'liflI#^0l -c, ^2<7)f£*S}£i 304" 

-*>3>(i, (2) ^iCfxt^'Ci^ 

(2 0) 
(2 1 ) 
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Rtotal (0) = + R1 {$) -R2 

= + Rl • c o s 0 1 -R2 -cos 02 



(2 2) 



[0 0 6 2 J WT, R1 t5 ? R2 

4<^Wz££ n 1 , »2 0&««i 3<Olflf^ n 2 t 
fflflf^SBUJ:*)^ (2 3) 5&MRi)£o 0 £ 

s i n/?1 / s i n^2 = n2/n1 (23) 

^\ Rl (0) tR2 (0) fifflUfRl^^LT^ ^ 

Rtotal (0) = + Ri . c o s 01 -R2 • c o s 01 
= (R1 -R2 ) c o s 01 

= Rtotal • c o s 0 1 (2 4) 



[0 0 6 3J nl >n2 <7)J§£*(Ifj01 <^ 2 i 

fc&o 00 <Di$±t£t>lZR} (0) tR2 id) lit 

i>i~m'J>-tz>t\ 01 <02 t^^otr2 (0) com 

R1 (*) <0-Ht*±|5|a o ^<0fe*. Rl 

>^«»ft^ft3& f «fD$<t* 0 nl <n2 co^U(i0 
1 >02 fcfc&OT\ imn&fclzttLT. R2 (0) 

+ R1 (0) = + Rl / c o s 01 
-R2 (0) =-R2 / c o s 02 

Rtotal (0) = + Ri (#) _ R2 

= + R1/cos01 -R2/cos02 



r-'-v 3 >ii, s (16) tw*nu#x.r, *^-c* 



(2 5) 
(2 6) 



0 o&mn-t&t* Rl (0) <hR2 (tf) (ittc 
nl >n2 r-^^liiTR2 (0) OigflnOfiJ^R 1 



(2 7) 



JO 



(0) tf>*t*Dtf>ft|££±|5|l3 % 
!UFAWtt*«ftSiU c lot, nl >n2 T&ft 

[0065] (315 (iRI £4 12. 5nm, R2 ^2 
75nm, nl £ 1 . 5, n 2 £ 1 . 3 t Lt, 

HUtt, ^— f-yg^Tjti 3 7. 5nmtlS»i 
U7nLTV>^ 0 g|ifi«)*c&l 4 1 , 1 4 2(i2fe<7)f5+g 
L£i##<7>'J ? - f - -> 3 0 , ||& 1 4 1 

lo o 6 6] imm^i^m^izit^ xftmeove 

0S^jSf>J^f-x 3 >^3 0 nmi5<^fbLT 
Li T e lEmfrhW) 9-r-is 3 >ii l 3 7. 5nm 



40 



50 



Onm^jfef*^^ 6 0S^|pJ^^<0'; > 
aXil 1 0 nm, ^>-S vMi 1 6 5 nmSgt^l), ± 
fftftli 4 4 0 n m (Wfe^) 6 6 0 n m 

ft i ») *n u £f b l * »k fli*ieife#tt^«s u far 
u/c -f -5> 0 — ^\ ^jfe^ijoff^r^i, 00^6 os 

±2feftO$ft(i2 0 nmiStOf, (5 t ^ 

[0 0 6 7] m l 6 (i, 2#:<7)f£*g|£<7)'; g 

(AR) ^tottO^o H«S10rtSP{iC<75 

mWTi: 4*^liM^7nLri>^c, R1 =R2 +13 7. 
5nmtL > nl =1. 5 0&#T-ttJr«rffofco 
«1<0R2 Offit-i3V>T, n2/n1 Ji J 10#^(; 
<>KW L/J J: $ U 4 R (i 1 ttftffiffit |BJ Ufiifc «r-5^, 
n2/n1 *1*^/J,S< LTt*< £tt«a&*UJ: I) A 
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V&^-k-tZo n2/n1 Ofi(i, 0 . 8 5t^0. 



t^l 0 - 3 0 1 0 9 7 
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15.6 



(1 — J2lu.25 

ni ' 



32.9 



*~n2/n1 ) Ol. 2 5 3fU£jtflJ1-£to£ LT £ 
ittr££ 0 {^oT, R2 ^ (2 8) ^a^C^^l 

[&8] 



(28) 



* (2 9) O&ftfcgffc-iirtf, ARjJtSnmtt 

199 - 27.8. 



(1 — -2Lh.25 

ni ' 



(1 — HL\i.2s 



(29) 



[0 0 6 8] ±ffitf)ftlBT-liRl tf?R 2 

ii> ni <n2 X'&txmmftmt^tkboR} 
(0) Ofcffc**R2 (0) 0£ffc£#ifoU 

'>3>^ft»ftfc#**tt^-* 0 ni <hn2 

> i3J:t>\ R1 tR2 $-Xixfx.iil^ -Hx-m<7v< 

Lit:**, ztikimiz%i(r)faitefatfp k 

Ri *t R2 J:i}^#v^i-, Jn1 >n 
2> R1 ^R2 <t*)/J^l^^i-(in1 <n2T-*tl 

[0 0 6 9] fcfc, ilStM2 0«0±IW<^ 
Mft* ni <n2-e*5*^ £ 1 <0f£ 



20 



JO 



40 



[0071] mrnrnm 7) n? a*%w<D# 1 on 
fc&&<Qfo&mffi&WL<nm&zmir\Bimmx-i>2> 0 mil 

tt^S-Ctt 1 toter-WRVT<r>tt^tmilimi!>*X%& 2# 
OiSt**l 3,14 iffl^^t, 2 tto 

Ml3 A, 1 4 AOd *>^fc< 2 

ftttfifeSItffii,^**, Bl 8(4, 2ttO& 

4 AT-li n x 1 **n y 1 J: < fcofjs 

•K lEffi^ffii^ibOtliS^fin x 1 - n y 1 riE<7){Ir 
*>h Q %2(T>WmL\ 3 ATlinx 1 tft n y 1 J: *5 /J.£ 
< 4 o T& 0 , JEM^lSj^ib Ofiiflf « n x 2 - n y 2 

[0 0 7 2] *10fifijgl 4 AUo^Tx^ftuUf^ 

a >R1 (^x) 1^(30) c^t(,ot^ 0 

[^10] 



[0 0 7 0] *^*fe^®fl?«fiKuj:^jir, ±EL/:J:-) 

R\(6X) =^ff- x - {y/nxi^ • cos 2 ^xn-nzi 2 • sin 2 6 x -nyl} 

(30) 



(nxl>ny = 



n z ) O^l^i; 



50 tt, ^ (3 0) CliWItOftfttv.^ ^ ie ^ 
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(14) 
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(5) - (1 5) Ofiftlfcfrot, £ (3 0) (ist (3 *^lSf6](:^>^ 
1) T-jaffil$it&o (3 1) lM^Ttt7 [ft 111 

^^w, tfxmntRi (^ X ) (i«^-t* 

R1(0X) = (nxl-nyl) * cos 2 flx ■ d 

cos 0 x 

= (nxi — nyl) • d • costfx 
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(31) 



[0 0 7 3] WT, nz1£n y 1 J ») ^Lfg{fc§-££J& 
££#x.£ 0 ^ (30) Ufcuf* x 1 ?5 ? ii^Di-^i:, 

( n x 12 - cos 2 * X ) i±«^ 
L>^2^(nzl 2 - sin 2 d x) f±Jgtnrt£o L 
fctf f ot\ n x 1 75 ? -^<7)t#^-, n z 1 (iftfilf 

^*l^t»2J|«0fll(i«^LiC< < ^ (30) 
tc?j;L^J:«9(z, 0 x^(nj{-(iR l Ux)tW^M-£ 

d 



70 



* 6 (0 x = 0) Clis i n 0 x = 0X'&2><D 

T\ ^ (30) C&^Tn z 1 OliJijE®^^'; *--f 

R 1 <* y) (is* (3 2) l^t^t^c 

mi 2] 



Rl(0y) = c -3^y {nxi — ^nyl 2 - cos 2 0y + nzl 2 • sin 2 0 y } 

(32) 



10 0 7 4] (nxl>nyl= n 
zl) <7>*#"£(Itt x ±^Ori»o CO^li^ft^ & *K R 
1 (0y) fi 1 /c o s #y <F>~7 t ? ^T-iitJD Lt^ 
<o nzl^n y 1 J: nflteuti, 0ycoif#0££ 

*>l^ (3 2) <7)¥^<7)^(7)^fi^ii^-t^^ ip-^ 

mzm&z-tzitvt txm<o bp*>, nzi> ny i 

lt-r^LlfRl (0 y) Offff£H£#t££ ltt^fto 
[0 0 7 5]feoT, lttttOMt^nzl^ny 



30 



*><> m2<7>imfci 3 A^n^mm 

t±i£l^ nz2^ny2«t ^ ±# V>f#£U »; ? - -r - •> 
3 ^ftfFfctt^tjg^u n z 2**n y 2 J: 

[0 0 7 6] »60^ife^r-<>giWLX:J:^U, 2ft 
1^3] 



[*4] 





* 1 oxmmv&ft 


% 2 *>&mft<D&ft 


a 


n z 1 =n y 1 


n z 2 > n y 2 


b 


n 2 1 > n y 1 


n z 2 = n y 2 


c 


n z 1 > n y ] 


n z 2 > n y 2 


d 


n 2 Kny ] 


nz2>ny2+nyl- nZ | 










£2 




nz Kny 1 


n z 2 =n y 2 


b 


nz l=ny 1 


n z 2 < n y 2 


c 


n z 1 < n y 1 


n z 2 < n y 2 


d 


nzl>nyl+nz2-ny2 


n z 2 > n y 2 
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[0 0 7 7 J ±i£fc3 im 1 Oitftfol 4 A<7>U 9-r 
3 >tm2 Ofiffi^l 3 A J: i)*£v^£<^ m 
SD f lf2<Ofl:Ml4A, 13AW:f<^^^f 
Ltt^o ±Hd^4 fi&l cOfStS^l 4 AO'J 
v a >a5 f »2 0ffiffi«l 3 A J: J|ia 
CK* 2 OiEffiffi 1 4 A, 1 3 AOiW^i-^C^^Sr^L 
T^£ Q $ 1 OfitfUgi 4 AOU * - -r - -> 3 

ft a (3, $ 1 cofiffi^i 4 Art*l «|P2M4T\ ^2 0f£ 
ffltel 3 A^2«^^O^^C0^^^7jxLT^f), ft 
3co^f^bti, ^1 Ofeffi^l 4 A7j> f 2%^^14r% $ 

3A^lM^W^fH/TU^ 
£o^3 0£#c, di±, fcl SJ>12 0«1 4 
A. 1 3 A^Ui:2i^ttn4*^fi:i^L 
tl ^o nz lrt f n y 1 J: (f£3<7) 

&ftd<9*£0 1 <0ffiffi« 1 4 AOfiffft^f^ 

*±@*^R3S**I), -OJ»^O»2C0fi£ffl^l 3 AO 

[0 0 7 8] 4 AO'J ?--r- *> 

3 >ff%2<r>ftMW.\ 3 A J: ^4 (; 

^i-^fr a - d Ov^-f tz ZtlX i/»*LldT, $ 1 <7) 

fi£ffl« 1 4 AOffiJtttfcftifa^jJ^ < 0 , 

*>\ H4c0&#a(i, 4A^2«^14 
X\ »2<0firft«l 3A*Mi^ttOJ|^ft4^ 
LTi5»K ^4<0£ftb<3, ilOEffif 1 4A5JMI * 
*3rttt\ £2<0f£*g^l 3A3i f 2iI^j|^ 

ftfflJgl4A, 1 3 Atft i>lZ 2 m%1j&T*> 
^^LTi^o ±t20!fc9jT-ti, »l*>fiffi1£l 4 
A7i> f iEO|SS^, »2«0ffifflt£l 3 A^OtlSllr^Jt 

o^otLfed*, entire* a»i 

[0 0 7 9] *nmrmnmmi>m6<Q&mm<omi& 

tzx n i^u^tu -y ^^o^^t^u^^ 

[0 0 8 0] ?(bC, **jfcffa@?tt, »6 0$M|t^ 



ut>; f^l 0 - 3 0 1 0 9 7 

[0 0 8 1 ] ^W^co^T*(i, 2^<7)f]itg 

& * ft r- 4- < ib gij <h l r iea $ n x n r & «t 
<, tti. ^^hfrmm<r>mf&mmt>mmfcx\ ^o, 
^^oflnss^^iBgu^flst Lxnzmziix^xiy x 

Pal £ *Tt£ »jg <h ^ o T ^-6 fSTtf^^ i:'T'^> o T <, <t 
[0 0 8 2] 

[^o^*] iU^J:^;, *«WUJ:ii(jr, /A' y * 

t(: ^> HtoftfrmmiznLxmi&*m*h\to-tz 
x\ /<7 ??j hommnmsmwt&o ttz*&wiz 

^i-^«t -) U^c>n^2tfc<7)&ffificS:fflv^if-^^ 

^wotmnftmsMiiz**)^ /<v??j hitom 

&X£2> 0 

[hi] ttmnmixtmmizKzfci&nmmzm 

[d4] $^^2|JSfii:{|^M^i^ 
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(16) 
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[HI 8] ^Woms^B^U^iffifi^Tt^fi^^ 
imi 0] $P^i5ilElC^3UXfV 

bit**,, 



mi) 
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30 

[mi 6J ^«WO«6«tt^Uifi«fi[«tf[oJi^ 

saw-*- 4 tz #><?>$mm'?<h & 0 
[si 9] 'm^m^^wr^m.^Tr^mmmxhho 

1 : «:*HHft1g 

2 : ifcaV^wu 

7 : f£«« 

8,12: zj bxt g y 

l o : /<v h 
l l : »2 0Mft^ 

13, 1 3 A : $2 0(£*I1g 

14, i 4 a : m i ojEffiis 



[12] 




(17) 



0 - 3 0 1 0 9 7 




mwm&c Kftrnm mmmmA ' mnmm ' shimc 




mm 




(18) 
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111] 



[Hll 2] 




(a) 
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(19) 



0-301097 



[mi 5] 




11 6] 



1500 



1000 - 



R2(nm) 




[Ml 7] 



[03 1 9 J 




52 



54 



55 j 5 



56 



53 




57 



58 



51 



-19- 



(20) 

[mi s] 



n Z2 




tPl^l 0-3 0 1 0 9 7 
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